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FUEL CELL AND CONTROL METHOD FOR
THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims the benefit of priority to
Korean Patent Application No. 10-2015-174488, filed on
Dec. 8, 2013, the entire content of which 1s incorporated
herein for all purposes by this reference.

TECHNICAL FIELD

The present disclosure relates to a fuel cell and a control
method for the same, and more particularly, to a tuel cell and
a control method for the same capable of solving a flooding
phenomenon by selectively shielding reaction spaces and
cooling spaces, which communicate with each manifold of
a fuel cell stack.

BACKGROUND

A fuel cell generates electrical energy using movement of
clectronics that are generated during oxidation and reduction
reactions of reactants. In these reactions, 1ons generated
from the reactants move between each of the electrodes
through an electrolyte membrane and electrons generated by
a chemical reaction of the reactants move through the
clectrode provided at each reactant side. In order to increase
a reaction rate of gas that becomes the reactants, a gas
diffusion layer (GDL) 1s provided on outer surfaces of the
cach electrode.

The electrolyte membrane and each electrode are surface-
attached to each other to easily move the 10ons, which 1s a
membrane electrode assembly (MEA). The membrane elec-
trode assembly has a thin thickness and low rigidity. There-
fore, the membrane electrode assembly may be easily
deformed or damaged during the bonding process and thus
has a high defective rate, and may be easily deformed and
damaged even upon handling.

Therelfore, a reaction layer in which the membrane elec-
trode assembly and the gas diflusion layer are integrated 1s
manufactured by injection-molding an integrated frame by
stacking the membrane electrode assembly and the gas
diffusion layer and using a resin, etc., on an outer circums-
terential surface thereot, such that the handling easiness of
the membrane electrode assembly may be improved.

Bipolar plates are stacked on an upper surface and a lower
surface of the reaction layer to form the fuel cells and the
cells are stacked to form a fuel cell stack. In the fuel cell
stack, a reaction space 1s formed between the reaction layer
and the bipolar plate to make reaction gases tflow and a
cooling space 1s formed between the bipolar plates to allow
cooling water flow.

In the fuel cell using hydrogen and oxygen as the reaction
gases, 11 each of the reaction gases reacts to each other, water
1s generated as the resultants. In the reaction layer, the
clectrolyte membrane requires a predetermined level of
moisture to move the reaction 1on. However, 1f the amount
of water generated by the reaction of hydrogen with oxygen
increases, the electrolyte membrane covers a surface of the
reaction layer to prevent the reaction gases from being
contacted with the reaction layer, and thereby, the reaction
does not occur.

As described above, a phenomenon, 1n which water 1s the
reactants within each of the fuel cells and 1s excessive and
thus the chemical reaction due to the reaction gases 1s
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2

suddenly reduced, 1s called a flooding phenomenon. To
prevent the above phenomenon, 1t 1s necessary to remove the

water generated 1n each of the fuel cells when operating the
tuel cell.
The contents described as the related art have been

provided only for assisting in the understanding for the
background of the present disclosure and should not be
considered as corresponding to the related art known to
those skilled 1n the art.

SUMMARY

An object of the present disclosure 1s to provide a fuel cell
and a control method for the same capable of eflectively
solving a flooding phenomenon occurring 1n an end cell of
a Tuel cell stack by selectively shielding some of reaction
spaces and cooling spaces.

According to an exemplary embodiment in the present
disclosure, a fuel call includes a stack having a manifold 1n
which a fluid flows and having a plurality of flowing spaces
which communicate with the manifold through openings; a
shielding part having a plurality of shielding strips arranged
in a stacked direction of the stack and selectively moving
along the manifold to shield at least some of the plurality of
flowing spaces; and a driver coupled with the shielding part
to move the shielding part.

The fuel cell may further include a controller configured
to drive the driver when a flooding phenomenon occurs in
the reaction space to move the shielding part to thereby
position the shielding strip at the opening of the flowing
space to shield the flowing space, in which the flowing space
may include the reaction space 1n which reaction gas flows
and a cooling space in which cooling water tflows.

The mamifold may include a gas manifold communicating,
with the reaction space and a cooling water manifold com-
municating with the cooling space 1n the flowing space, the
shielding part may be provided on the gas manifold, and the
shielding strip may be positioned at a central portion of the
gas manifold based on the stacked direction of the stack to
selectively shield the opening of the reaction space formed
at a central portion of the stack.

The manifold may include a gas manifold communicating,
with the reaction space and a cooling water manifold com-
municating with the cooling space 1n the flowing space, the
shielding part may be provided on the cooling water mani-
fold, and the shielding strips of the shielding parts may be
positioned at both end portions of the cooling water mani-
fold based on the stacked direction of the stack to selectively
shield the openings of the cooling spaces formed at both end
portions of the stack.

The controller may detect an output voltage of each of the
reaction layers provided in the stack to recognize the tlood-
ing phenomenon of the reaction space.

The shielding part may be provided on the manifold and
may have a shielding strip fixing member extending in a
parallel direction with the manifold, the shielding strip may
have an end portion coupled with the shielding strip fixing
member, and the shielding strip fixing member may have an
end portion coupled with the dniver to move along the
manifold.

An end, portion of the shielding part may have a rack gear
to be coupled with the driver of which the output shait has
a pinion gear.

One end portion of the shielding part may have a first
shaft rotated by the driver and wound with the shielding part
and another end portion of the shielding part may have a
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second shaft recovered and rotated by an elastic member and
wound with the shielding part.

The shielding strip may be provided so that a width
thereot formed 1n a length direction of the manifold 1s the
same as that of the opening formed at the flowing space side.

The shielding strips may be provided so that a spaced
distance therebetween 1s the same as that between the
openings to simultaneously open or shield the plurality of
openings by the movement of the shielding part.

According to another exemplary embodiment in the pres-
ent disclosure, a control method for a fuel cell includes: a
first determining step of determining, by a controller,
whether a flooding phenomenon occurs 1n a reaction space
of a stack; a flooding solving step of shielding a tlowing
space formed in the stack using a plurality of shielding strips
provided at the shielding part by adjusting a position of the
shielding part provided on a manifold of the stack by
allowing the controller to drive a driver when the flooding
phenomenon occurs 1n the reaction space; a second deter-
mimng step of determining, by the controller, whether the
flooding phenomenon of the reaction space 1s solved by the
flooding solving step; and a returning step of adjusting the
position of the shielding part by allowing the controller to
drive the driver to open the shielded flowing space again, 1f
the controller determines that the flooding phenomenon of
the reaction space 1s solved 1n the second determining step.

In the first determining step and the second determiming,
step, the controller may detect an output voltage of each of
the reaction layers provided in the stack to recognize
whether the flooding phenomenon of the reaction space
occurs or 1s solved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view 1llustrating a fuel cell according to an
exemplary embodiment in the present disclosure.

FIG. 2 1s a view 1llustrating a gas manifold in the fuel cell
according to the exemplary embodiment in the present
disclosure.

FIG. 3 1s a diagram 1illustrating an operation process of a
shielding part provided at the gas manifold side in the fuel
cell according to the exemplary embodiment 1n the present
disclosure.

FI1G. 4 1s a diagram 1illustrating an operation process of a
shielding part provided at a cooling water manifold side 1n
the fuel cell according to the exemplary embodiment 1n the
present disclosure.

FIG. 5 1s a view 1illustrating a shielding part provided at
a gas manifold side 1 a fuel cell according to another
exemplary embodiment in the present disclosure.

FIG. 6 1s a view 1llustrating a shielding part provided at
a cooling water manifold side in the fuel cell according to
another exemplary embodiment in the present disclosure.

FIG. 7 1s a flow chart illustrating a control method for a
fuel cell according to an exemplary embodiment in the
present disclosure.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments in the present dis-
closure will be described with reference to the accompany-
ing drawings.

As 1llustrated 1 FIGS. 1 to 3, a fuel cell according to an
exemplary embodiment 1n the present disclosure includes: a
stack 150 having a manifold 300 in which a fluid flows and
having a plurality of flowing spaces which communicate
with the manifold 300 through openings 153; a shielding
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4

part 210 having a plurality of shielding strips 212 arranged
in a stacked direction of the stack 150 and selectively
moving along the manifold 300 to shield at least some of the
plurality of flowing spaces; and a driver 250 coupled with
the shielding part 210 to move the shielding part 210.

The stack 150 has the manifold 300 1n which a fluid tlows
and has the plurality of flowing spaces communicating with
the manifold 300 through the openings 153. FIG. 1 illus-
trates the stack 150 having the manifold 300 in which
hydrogen, oxygen, and cooling water each tlow.

The fuel cell includes an electrolyte membrane through
which reactants move while being 1onized and a membrane
clectrode assembly coupled with electrodes through which
clectrons move and both surfaces of the membrane electrode
assembly have gas diffusion layers to improve reactivity.

As described above, one layer in which the membrane
clectrode assembly and the gas diflusion layer are included
1s called a reaction layer 170 in the present disclosure, and
both surfaces of the reaction layer 170 have a bipolar plate
160 to form one fuel cell.

The fuel cell 1s stacked 1n plural to form the fuel cell stack
150. Here, the stacked number of the cell 1s set 1n consid-
eration of an output voltage required 1n an apparatus in
which the fuel cell 1s generally included and the stack 1350
1s configured.

As the reaction gas used in the fuel cell, 1n particular,
hydrogen and oxygen have been mainly used. If hydrogen
reacts to oxygen, water 1s generated as a reaction product.
Thus, the fuel cell 1s environmentally-friendly. Further, to
remove heat generated from a chemical reaction of hydrogen
with oxygen, cooling water 1s used.

The reaction space 180 1s formed between the reaction
layer 170 and the bipolar plate 160, and thus, hydrogen or
oxygen flows 1n the reaction space 180. Further, the cooling
space 190 in which the cooling water for removing heat
generated by the chemical reaction of hydrogen with oxygen
flows 1s Tormed between the bipolar plates 160 as between
any one cell and the other cell.

According to the present disclosure, a general term of the
reaction space 180 and the cooling space 190 1s defined as
a flowing space. In particular, a positional relationship of
cach layer as a structure of the stack 150 formed with the
flowing space 1s illustrated 1n FIGS. 1 and 2.

If the respective tluids provided to the stack 150 are mixed
with each other, reactivity of the reaction gases may be
reduced and the efliciency of the fuel cell may be suddenly
reduced. Therefore, 1t 1s 1mportant to seal the respective
fluids so that respective tluids are not mixed with each other.

As described above, a sealer 155 for preventing the
respective fluids from being mixed with each other may be
provided as illustrated 1n FIG. 2. FIG. 2 illustrates a gas
manifold 310. Here, the flowing space other than the reac-
tion space 180 to which the reaction gases tlowing 1n the gas
manifold 310 need to be supplied includes the sealer 155 to
prevent the corresponding reaction gases from flowing.

For example, when hydrogen flows through the gas mani-
fold 310, the openings 153 of the reaction space 180 and the
cooling space 190 1n which oxygen tlows shield the flow of
hydrogen through the sealer 155.

The shielding part 210 has a plurality of shielding strips
212 arranged along a stacked direction of the stack 150 and
selectively moves along the mamifold 300 to shield at least
some of the plurality of flowing spaces. FIG. 3 illustrates a
shape of the shielding part 210.

The manifold 300 formed in the stack 150 may be
provided 1 a shape of a channel penetrating through the
stack 150 1n parallel with a stacked direction of cells 1n the
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stack 150. The shielding part 210 may be provided in the
manifold 300 1n a shape extending 1n a direction parallel
with a length direction of the manifold 300.

Further, the shielding part 210 has the plurality of shield-
ing strips 212, in which the shielding strips 212 are arranged
along the stacked direction of the stack 150 to correspond to
the positions of the openings 153 of each of the flowing
spaces. The shielding strip 212 may be provided in the strip
(long bar) shape to correspond to the shape of the openings
153 of each of the flowing spaces formed 1n a slit shape and
may be integrally formed in the shielding part 210. The
shielding strip 212 may also be individually molded to be
coupled with the shielding part 210.

The shielding part 210 may move in the manifold 300 and
the shielding strips 212 may be selectively positioned at the

openings 133 of the flowing space that communicates with
the corresponding manifold 300 according to the movement
of the shielding part 210, FIG. 3 illustrates an operation
process of shielding the opemings 153 of a portion (central
cell side) of the tlowing space by selectively moving the
shielding part 210 provided on the gas mamiold 310.

When the tlow of fluids 1n the flowing space needs to be
protected for various reasons, the flow of fluids may be
simply and effectively shielded according to the operation of
the shielding part 210, thereby improving the control per-
formance of the fuel cell.

The fuel cell may be designed to generate electrical
energy by the reaction of hydrogen with oxygen while the
hydrogen flows 1n one side of the reaction layer 170 and the
oxygen (air) tlows 1n another side of the reaction, layer 170.
In this case, water 1s generated 1n the reaction space 180 1n
which the oxygen tflows according to the chemical reaction
of hydrogen with oxygen.

It 1s necessary to remove the water formed, during the
above process 1n eflectively managing the fuel cell. If the
water at the reaction space 180 side in which the oxygen
flows 1s not removed, the water 1s excessive to shield the
reaction gases from being contacted to the reaction layer
170, such that the coding phenomenon that the output
voltage of the fuel cell 1s suddenly reduced may occur.

Therelore, according to the present disclosure, the flow of
fluids of a portion of the flowing space 1s limited to improve
control performance of the fuel cell. In particular, the water
in the flowing space in which the flooding phenomenon
occurs 1s removed by shielding the flow of fluids in the
flowing space i which the flooding phenomenon does not
occur, thereby solving the tlooding phenomenon.

Upon the operation of the shielding part 210 to remove the
flooding phenomenon, the action eflects to solve the flood-
ing phenomenon according to a kind of fluids of which the
flow 1s shielded by the shielding part 210 may be different
and the detailed contents thereof will be described below.

The driver 250 1s coupled with the shielding part 210 to
move the shielding part 210. FIG. 1 illustrates the driver 250
provided at an upper end portion of the stack 150.

The driver 250 may be provided at an outer side of the
stack 150 1n consideration of a design aspect and coupled
with an upper end portion of the shielding part 210. The
driver 250 provides a driving force to the upper end portion
of the shielding part 210 to adjust the position of the
shielding part 210 on the manifold 300.

The operation of the driver 250 as described above 1s
controlled by a controller 500 and the shielding part 210 1s
selectively moved by the driver 250, and thus, the shielding
strip 212 opens the openings 153 of a portion of the tlowing
space.
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Accordingly, the supply of fluids of a portion of the
flowing space 1s protected by the operation of the shielding
part 210 to control the required flowing according to the
driving condition of the fuel cell, thereby effectively improv-
ing the control performance and efliciency of the fuel cell.
According to the present disclosure, each of the fluid flows
1s controlled upon the occurrence of the tlooding phenom-
enon of the fuel cell to effectively solve the flooding
phenomenon.

Referring back to FIG. 1, the fuel cell according to the
present disclosure further includes a controller 500 config-
ured to drive the driver 250 when the flooding phenomenon
occurs 1n the reaction space 180 to move the shielding part
210 to thereby position the shielding strip 212 at the open-
ings 153 of the flowing space to shield the flowing space, 1n
which the flowing space 180 includes the reaction space 180
in which reaction gas tflows and the cooling space 190 1n
which cooling water flows.

In detail, as described above, the flowing space includes
the reaction space 180 and the cooling space 190 and the
controller 500 connects between each of the reaction layers
170 of the stack 150 and the driver 250 to determine the
flooding phenomenon of the reaction layer 170. If 1t 1s
determined that the flooding phenomenon occurs, the con-
troller 500 drives the driver 250 to move the shielding part
210.

The driver 250 driven by the controller 500 moves the
shielding part 210 and the shielding part 210 moved by the
driver 250 shields the supply of fluid to the corresponding
flowing space by positioning the shielding strip 212 at the
openings 153 of a portion of the flowing space.

As described above, the flooding phenomenon 1s difler-
ently prevented according to the kind of manifold 300 at
which the shielding part 210 1s positioned. That 1s, when the
shielding part 210 1s provided on the gas manifold 310
having hydrogen or oxygen flowing therein and communi-
cates with the plurality of reaction spaces 180 formed 1n the
stack 150, 11 a portion of the reaction space 180 1s protected,
the flow rate and tlow velocity of the reaction gases flowing
in the remaining reaction spaces 180 are increased to
increase the effect of removing water, thereby solving the
flooding phenomenon.

When the shielding part 210 1s provided on a cooling
water manifold 320 having cooling water flowing therein
and communicates with the plurality of cooling space 190
formed 1n the stack 150, 11 a portion of the cooling spaces
190 1s protected, heat generated by the reaction between the
reaction gases 1s not removed 1n the cell in which the flow
of cooling water 1s protected to increase the heat of the
reaction space 180. At that time, water 1s vaporized by the
increased heat to be discharged from the reaction space 180
along with the tlow of reaction gases.

Consequently, when the flooding phenomenon occurs 1n
the stack 150, the controller 500 drives the driver 250 to
move the shielding part 210, thereby shielding the flow of
fluids of a portion of the flowing space, and as a result, the
reflective eflect obtained by shielding the flow of fluids
removes the water generated 1n the reaction space 180.

As 1llustrated in FIGS. 3 and 5, in the fuel cell according
to the present disclosure, the gas manifold 310 communi-
cates with the reaction space 180 and the cooling water
manifold 320 communicates with the cooling space 190 in
the flowing space. The shielding part 210 1s provided on the
gas manifold 310, and the shielding strip 212 1s positioned
at a central portion of the gas mamiold 310 based on the

-
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stacked direction of the stack 150 to selectively shield the
openings 153 of the reaction space 180 formed at the central
portion of the stack 150.

In detail, the manifold 300 may be divided into the
cooling water manifold 320 communicating with the cooling
space 190 and the gas manifold 310 communicating with the
reaction space 180. The shielding part 210 provided on the
gas manifold 310 shields the reaction space 180 of the
central cell positioned at the central side of the stack 1350.

The fuel cell includes the plurality of flowing spaces and
cach of the flowing spaces 1s supplied with a fluid flowing
through the communicating manifold 300. In this case, when
water 1s generated in the reaction space 180 1n which air
(oxygen) flows, the water moves by the eflect of fluids
flowing 1n the corresponding reaction space 180 to be
discharged through an outlet of fluids.

According to such a fluid supplying scheme, end cells
positioned at an end portion of the manifold 300 may have
flow rate and flow velocity of fluids lower than those of a
central cell, and therefore, the occurrence of the flooding
phenomenon may increase.

Further, the end cells positioned at the end portion of the
stack 150 discharge heat to outside and thus may have
temperature relatively lower than that of the central cell. As
a result, the vaporized level of water 1s reduced, and thus, the
end cells are vulnerable to the flooding phenomenon.

Here, 1in the shielding part 210 provided in the gas
manifold 310, the shielding strip 212 1s provided at the
central cell side of the stack 150 and moves according to the
driving of the driver 250 upon the occurrence of the flooding
phenomenon to shield the openings 153 of the reaction space
180, thereby increasing the flow rate and flow velocity of the
reaction gases supplied to the end cell side. The operation
process of the shuelding part 210 shielding the openings 153
of the reaction space 180 of the central cell 1s illustrated 1n

FIG. 3 and the shape of the shielding part 210 1s 1llustrated
in FIG. S.

Theretfore, the reaction gases having the increased flow
rate and flow velocity may eflectively increase the removed
amount of water generated 1n the end cell to effectively solve
the flooding phenomenon of the end cell relatively vulner-
able to the flooding phenomenon.

Referring to FIGS. 4 and 6, 1n the fuel cell according to
the present disclosure, the gas mamifold 310 communicates
with the reaction pace 180, and the cooling water manifold
320 communicates with the cooling space 190 in the tlowing
space. The shielding part 210 1s provided on the cooling
water manifold 320, and the shielding strip 212 of the
shielding part 210 1s positioned at a central portion of the
cooling water mamifold 320 based on the stacked direction
of the stack 150 to selectively shield the openings 153 of the
cooling spaces 190 formed at both end portions of the stack
150.

In detail, the manifold 300 of the fuel cell may be divided
into the cooling water manifold 320 communicating with the
cooling space 190 and the gas manifold 310 communicating
with the reaction space 180. The shielding part 210 provided
on the cooling water manifold 320 protects the cooling space
190 of the end cell positioned at the end portion side of the
stack 130.

Further, as described above, the end cells positioned at the
end portion of the stack 160 discharge neat to the outside and
thus may have temperature relatively lower than that of the
central cell. As a result, vaporized level of water 1s reduced
and thus the end cells are vulnerable to the flooding phe-
nomenon.
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In the end, m the shielding part 210 provided in the
cooling water manifold 320, the shielding strip 212 provided
at the end cell side of the stack 150 and moves according to
the driving of the drniver 250 upon the occurrence of the
flooding phenomenon to shield the opemings 153 of the
reaction space 180 at the central cell side, thereby increasing
the tlow rate and flow velocity of the reaction gases supplied
to the end cell side. The operation process of the shielding
part 210 shielding the opemings 153 of the reaction space
180 of the central cell 1s illustrated in FIG. 3 and the shape
of the shielding part 210 1s illustrated 1n FIGS. 3 to 5.

Therelfore, the reaction gases having the increased flow
rate and flow velocity may effectively increase the removed
amount of water generated in the end cell to etfectively solve
the flooding phenomenon of the end cell relatively vulner-
able to the flooding phenomenon.

In the fuel cell according to the present disclosure, the
controller 500 detects an output voltage of each of the
reaction layers 170 provided 1n the stack 150 to recognize
the flooding phenomenon of the reaction space 180.

In detail, the controller 500 1s connected to the stack 150
to detect the output voltage generated from each of the
reaction layers 170. In this case, the damage of the reaction
layer 170, the lack of the reaction gases, the flooding
phenomenon, etc., may be determined by analyzing a graph
ol a change i output voltage of the reaction layer 170.

Therefore, the controller 500 recognizes the flooding
phenomenon of the fuel cell by the graph of the change in
output voltage of the reaction layer 170. The detailed
determination on whether the flooding phenomenon occurs
may be made by detecting the change aspect 1n the output
voltage experimentally or theoretically determined.

The determination on whether the flooding phenomenon
1s solved may also be made that a normal state returning
level of the output voltage reaches a predetermined level and
the returning level of the output voltage for considering that
the flooding phenomenon i1s solved may be determined
variously.

Referring to FIGS. 3 to 6, 1n the fuel cell according to the
present disclosure, the shielding part 210 1s provided on the
mamifold 300 and has a shielding strip fixing member 21
extended 1n a parallel direction with the manifold 300. The
shielding strip 212 has an end portion coupled with the
shielding strip fixing member 214, and the shielding strip
fixing member 214 has an end portion coupled with the
driver 250 to move along the manifold 300.

In detail, to shield the openings 153 of the flowing space
formed on the manifold 300, the shielding part 210 has the
shielding strip 212 having the shape of the openings 1353.
Both end portions of the shielding strip 212 may be coupled
with the shielding strip fixing member 214 provided in parr.

The shielding strip fixing member 214 has a bar shape
extending 1n a direction parallel with a length direction of
the manifold 300 and 1s each provided at both end portions
of shielding strip 212. The shielding strip fixing member 214
and the shielding strip 212 may be made of the same
material and may also be molded integrally. The shielding
strips 212 may be individually molded to be coupled with
the shielding strip fixing members 214.

The shielding part 210 with which the shielding strip
fixing member 214 and the shielding strip 212 are coupled
has a shape similar to trapezoid. The end portion of the
shielding strip fixing member 214 1s coupled with the driver
250, and thus, the shielding strip fixing member 214 verti-
cally moves along the length direction of the manifold by the
driver 250 and the shielding part 210 moves. The shape of
the shuelding part 210 1s 1llustrated 1n FIGS. 3 to 6.
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A portion protruding by extending the shielding strip
fixing member 214 toward the end portion of the manifold
300 1s coupled with the driver 250 to move the shielding part
210 even though the driver 250 1s not coupled with the
shielding part 210 within the manifold 300. Thus, the
shielding part 210 may have an advantage in space appli-
cation and the plurality of shielding strips 212 may be
simultaneously coupled with each other to simply move all
the shielding strips 212.

Referring back to FI1G. 1, the end portion of the shielding
part 210 has a rack gear 218 coupled with the driver 250 of
which an output shaft is provided with a pimion gear 255.

One si1de surface facing the output shait of the driver 250
at the end portion of the shielding strip fixing member 214
that 1s the end portion of the shielding part 210 has the rack
gear 218. The rack gear 218 1s meshed with the pinion gear
2355 provided at the output shait of the driver 250 to allow
the driver 250 to vertically move the shielding part 210.

Therelore, the vertical displacement of the shielding part
210 may be controlled by controlling a rotating angle of the
driver 250 provided as a step motor. The shape of the end
portion coupled with the driver 250 as the shape of the
shielding part 210 1s illustrated 1n FIG. 1.

Referring to FIGS. 5§ and 6, 1n a fuel cell according to
another exemplary embodiment 1n the present disclosure,
one end portion of the shielding part 210 has a first shaft 216
rotating by the driver 250 and wound with the shielding part
210. Another end portion of the shielding part 210 has a
second shaft 217 recovered and rotating by an elastic
member 260 and wound with the shielding part 210.

In detail, the shielding part 210 1s a thin film made of
materials having strong tlexibility and 1s wound around the
first and second shaits by the elastic member 260 or the
driver 250. One end portion of the shielding part 210 1s
wound around the first shaft 216 rotating by the driver 250.
The driver 250 may be a step motor and rotates by a
predetermined level in a predetermined direction according
to an instruction of the controller 500.

The other end portion of the shielding part 210 has the
second shaft 217 and the second shait 217 has the elastic

member 260 providing a rotating force to the second shaft

217. I the first shaft 216 rotates by the driver 250 and the
shielding part 210 moves toward the first shait 216, the
clastic member 260 of the second shaft 217 rotates by a
tension of the shielding part 210 to store elastic energy and
a portion of the shielding part 210 wound around the second
shaft 217 deviates from the second shaft 217, and thus, the
shielding part 210 moves toward the first shaft 216.

When the shielding part 210 returns to an original posi-
tion, the driver 250 rotates by a predetermined level 1n a
reverse direction to the direction 1n which the shielding part
210 1s wound according to the instruction of the controller
500, the elastic member 260 of the second shait 217 pro-
vides the elastic energy stored by the tension of the shielding
part 210 to the second shait 217 to allow the shielding part
210 to be wound around the second shaft 217 by a prede-
termined level while the second shaft 217 1s recovered and
rotated such that the shielding part 210 provided 1n a film
shape may be positioned on the mamiold 300 while the
tension of the shielding part 210 1s always maintained during,
the operation process of the shielding part 210.

The shielding part 210 has a thin film shape and 1s always
maintained 1n a tension state to adhere to the openings 1353
of the tlowing space to maintain the shielding effect, thereby
reducing a burden to the design of the shielding part 210 and
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increasing the shielding etfect. FIGS. 5 and 6 illustrate the
appearance of the shielding part 210 according to the
exemplary embodiments.

Referring back to FIGS. 3 and 4, 1n the fuel cell according,
to the present disclosure, the shielding strip 212 1s provided
so that a width thereof formed 1n the length direction of the
manifold 300 is the same as that of the openings 1353 formed
at the flowing space side.

In detail, the shielding part 210 shields the openings 153
of the flowing space communicating with the manifold 300
and the width thereof 1s formed over that of the openings 153
or may be formed to be the same as that of the openings 153,
thereby improving the shielding efiect of the flowing space.

Further, the shielding strips 212 are provided so that a
spaced distance therebetween 1s the same as that between the
openings 153 to simultaneously open or shield the plurality
of openings 153 by the movement of the shielding part 210.

In detail, the shuelding strip 212 may be maintained to be
fixed to the shielding strip fixing member 214, etc., and
move together according to the movement of the shielding
strip fixing member 214, etc., and at the same time, has the
same spaced distance as the spaced distance between the
openings 153 to shield the openings 153 of the plurality of
flowing spaces.

Therefore, even though the displacements of each of the
shielding strips 212 are not controlled, the openings 153 of
the plurality of flowing spaces are opened or shielded at a
time, thereby maximizing the eflects of the present disclo-
sure. FIGS. 3 and 4 1illustrate that the shielding stripe 212
provided at the flowing space side, which needs to be
shielded, has the same spaced distance as the spaced dis-
tance between the openings 153,

Referring to FIG. 7, a control method for a fuel cell
according to an exemplary embodiment in the present dis-
closure includes: a first determining step (5100) of deter-
mining, by the controller 500, whether the flooding phe-
nomenon occurs in the reaction space 180 of the stack 150;
a tlooding solving step (S200) of shielding the flowing space
formed 1n the stack. 150 using the plurality of shielding
strips 210 provided at the shielding part 210 by adjusting the
position of the shielding part 210 provided on the manmifold
300 of the stack 150 by allowing the controller 500 to drive
the driver 250 when the flooding phenomenon occurs in the
reaction space 180; a second determining step (S300) of
determining, by the controller 500, whether the flooding
phenomenon of the reaction space 180 1s solved by the
flooding solving step (5200); and a returning step (S400) of
adjusting the position of the shielding part 210 by allowing
the controller 500 to drive the driver 250 to open the
shielded flowing space again, 1 the controller 500 deter-
mines that the flooding phenomenon of the reaction space
180 1s solved 1n the second determining step (S300).

In the first determining step (S100), the controller 500
determines whether the flooding phenomenon occurs 1n the
reaction space 180 of the stack 150. As described above, the
controller 500 performs the determination by detecting the
change 1n the output voltage of each of the reaction layers
170.

In the flooding solving step (S200), when the flooding
phenomenon occurs 1n the reaction space 180, the controller
500 drnives the driver 250 to adjust the position of the
shielding part 210 provided on the manifold 300 of the stack
150, thereby shielding the flowing space formed 1n the stack
150 using the plurality of shielding strips 212 provided at the
shielding part 210.

The controller 500 adjusts the position of shielding part
210 to position the shielding strip 212 on the openings 153
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ol the tlowing space, thereby shielding the flow of fluids 1n
some of the flowing spaces. When the shielding part 210 1s
positioned on the gas manifold 310, as a portion of the
reaction space 180 1s shielded, the flow rate and flow
velocity of gases supplied to the remaining reaction spaces
180 increase, thereby improving the function of removing
walter.

When the shielding part 1s positioned on the cooling water
manifold 320, as a portion of the cooling spaces 190 1s
shielded, the temperature 1n the fuel cell at the correspond-
ing cooling space 190 side 1s increased to increase the
vaporized amount of water generated 1n the reaction space
180, thereby improving the removal rate of water.

In the second determining step (S300), the controller 500
determines whether the flooding phenomenon of the reaction
space 180 1s solved by the flooding solving step (S200). The
controller 500 may detect the graph of the change in the
output voltage to perform the determination and the output
voltage returning level for determining that the flooding
phenomenon 1s solved may be variously determined experi-
mentally or theoretically to be set 1n the controller 500 in
advance.

In the returning step (S400), when the controller 500
determines that the flooding phenomenon of the reaction
space 180 1s solved 1n the second determining step (S300),
the controller 500 drives the driver 250 to adjust the position
of the shielding part 210 so that the shielded flowing space
1s opened again.

That 1s, when water 1s removed from the reaction space
180 since it 1s determined that the flooding phenomenon
occurs and thus 1t 1s determined that the flooding phenom-
enon 15 solved, the shielding part 210 moved by the driver
250 to shield a portion of the tlowing space moves again to
open the opemings 153 of the flowing space to return the tlow
rate and flow velocity of gases and the supplied amount of
cooling water to the normal state.

As a result, the controller 500 determines whether the
flooding phenomenon of the stack 150 occurs and moves the
shielding part 210 to adjust the flowing of fluids, thereby
removing the water of the reaction space 180 without the
separate apparatus to solve the tlooding phenomenon.

According to the fuel cell and the control method for the
same as described above, 1t 1s possible to effectively solve
the flooding phenomenon occurring in the end cell of the
stack by selectively shielding some of the reaction spaces
and the cooling spaces.

In particular, the shielding part 1s provided on the gas
manifold 1n which, the reaction gas tlows to selectively
shield the supply of gas to some of reaction spaces to
increase the tlow rate and the tflow velocity of gases tlowing
in the reaction spaces that are not shielded, thereby eflec-
tively solving the tlooding phenomenon.

Further, the shielding part 1s provided, on the cooling
water manifold 1n which the cooling water flows to selec-
tively shield the supply of cooling water to the cooling space
to increase the temperature in the fuel cell of the cooling
space side 1n which the supply of cooling water 1s shielded
in the short term so as to evaporate water, thereby solving
the flooding phenomenon.

The shielding part provided on the gas manifold has the
shielding strip positioned at the central cell side of the stack
and the shielding part provided on the cooling water mani-
told has the shielding strip positioned at the end cell side of
the stack to easily solve the flooding phenomenon of the end
cell that relatively easily occurs.

Although the present disclosure has been shown and
described with respect to specific exemplary embodiments,
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it will be obvious to those skilled 1n the art that the present
invention may be variously modified and altered without
departing from the spirit and scope of the present disclosure
as defined by the following claims.

What 1s claimed 1s:

1. A tuel cell, comprising:

a stack having manifolds, in which a fluid flows, and a
plurality of flowing spaces which commumnicate with
the manifolds through openings;

shielding parts having a plurality of shielding strips
arranged 1n a stacked direction of the stack, the shield-
ing parts being configured to selectively move along
the manifolds so that the plurality of shielding strips
shield at least some of the plurality of flowing spaces;
and

a dniver coupled with the shielding parts to move the
shielding parts,

wherein the tlowing space includes:

a reaction space 1 which reaction gas tlows; and
a cooling space in which cooling water flows,
wherein the manifolds includes:
a gas manifold communicating with the reaction space;
and
a cooling water manifold communicating with the
cooling space,

wherein one shielding part among the shielding parts 1s
disposed on the gas manifold, and another shielding
part among the shielding parts i1s disposed on the
cooling water manifold,

wherein each of the plurality of shielding strips of the one
shielding part disposed on the gas manifold 1s located
at a central portion of the gas mamiold based on the
stacked direction of the stack to selectively shield an
opening of the reaction space at a central portion of the
stack, and

wherein the plurality of shielding strips of the other
shielding part disposed on the cooling water manifold
are located at both end portions of the cooling water
manifold based on the stacked direction of the stack to
selectively shield an opening of the cooling space at
both end portions of the stack.

2. The fuel cell of claim 1, further comprising:

a controller configured to drive the driver when a flooding,
phenomenon occurs in the reaction space to move the

shielding parts to thereby position the plurality of
shielding strips at the openings of the flowing spaces to
shield the flowing spaces.

3. The fuel cell of claim 2, wherein the controller detects
an output voltage of each of the reaction layers disposed 1n
the stack to recognize the flooding phenomenon of the
reaction space.

4. The fuel cell of claim 1, wherein each of the shielding
parts 1s disposed on each of the manifolds and has a
shielding strip fixing member extended 1n a parallel direc-
tion with the manifolds,

wherein each of the plurality of shielding strips has an end
portion coupled with the shielding strip fixing member,
and

wherein the shielding strip fixing member has an end
portion coupled with the driver to move along the
manifolds.

5. The fuel cell of claim 1, wherein an end portion of each
of the shielding parts has a rack gear to be coupled with the
driver of which an output shait has a pinion gear.

6. The fuel cell of claim 1, wherein one end portion of the
shielding part has a first shaft rotating by the driver and
wound with the shielding part, and
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wherein another end portion of the shielding part has a
second shaft recovered and rotating by an elastic mem-
ber and wound with the shielding part.

7. The fuel cell of claim 1, wherein a width of each of the
plurality of shielding strips formed 1n a length direction of 5
the manifolds 1s the same as that of the opening formed at
a flowing space side.

8. The fuel cell of claim 1, wherein a spaced distance
between the shielding strips 1s the same as that between the
openings to simultaneously open or shield the plurality of 10
openings by the movement of each of the shielding parts.
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